The searches presented in this summary correspond to the electroweak (EWK) pair production of neutralinos (χ 0 i ) and charginos (χ ± 1 ) decaying to Higgs (h), Z, and W bosons, and the lightest supersymmetric particle (LSP). The searches were performed using 19.5 f b −1 of data from proton-proton collisions at the LHC, at a center of mass energy of 8 TeV collected in 2012 by the CMS detector. The main production modes correspond to pair production ofχ . The observed data is consistent with the estimation of the SM backgrounds. Therefore, no evidence of supersymmetric particles is found, and 95% confidence level upper limits are set on the pair production cross section of the respective process as a function of theχ 
Introduction
Supersymmetry (SUSY) is one of the most popular extensions of the standard model (SM). Searches for SUSY are an important part of the physics program at the Large Hadron Collider (LHC). The searches for SUSY in the EWK sector have smaller production cross sections with respect to the production of colored SUSY particles, but also have lower levels of hadronic background from the SM, and thus represent a complementary avenue to search for new physics.
This letter considers R-parity conserving models, where SUSY particles are created in pairs [1] . The final states considered in the searches discussed in this letter, contain the lightest SUSY particle (LSP) and SM particles. The LSP is the natural dark matter candidate in SUSY models where R-parity is conserved. The LSP is expected to only interact weakly, and thus, if produced at the LHC, will traverse the CMS detector without leaving any signal. Therefore, the production of a LSP can only be inferred indirectly as an imbalance of the total momentum or energy expected in the event (E miss ).
The discovery of the Higgs boson [2, 3] opened a new avenue for SUSY models and searched in order to accommodate a 125 GeV Higgs boson (h) with neutral electric charge. SUSY models extend the SM Higgs sector to include up to five Higgs bosons with different mass and electric charge. If a new Higgs boson is observed as part of a search optimized for SUSY, it would hint and provide evidence for the coupling of SUSY particles to the Higgs field, which is an essential condition for SUSY models to stabilize the SM Higgs boson mass.
This letter presents the summary of the searches performed by CMS [4] for the pair production of neutralinos (χ 0 i ) and charginos (χ ± 1 ) decaying to hh, hW and hZ states and the associated LSPs. The results are presented for two different SUSY models. The first scenario, is within the R-parity-conserving gauge mediated SUSYbreaking (GMSB) model, where theχ 0 1 is the next-tolightest SUSY particle (NLSP) and it is higgsino (h) like. In this model theχ 0 1 decays to a h or a Z boson and to the LSP, which is a low mass gravitino (G). In the second scenario, the LSP is a massiveχ 0 1 , which is bino-like. The feynman diagrams for the SUSY scenarios considered in this search, are shown in Figure 1 .
In this letter, the following final states are considered:
and h(→ bb)h(→ bb). SUSY scenarios with production of three or more leptons, e.g. h(→ + − )Z(→ + −) or h(→ + − )W(→ ν ), are considered by reinterpreting the results from previous EWK SUSY multi-lepton searches presented by CMS [5] . Scenarios with two leptons and two jets not tagged as b-quarks (h(→ + − )h(→ j j)) are also included by combining the results with the CMS search described in Ref. [6] .
Searches in the hh, hZ and hW channels with one
h → γγ decay
In this section, the search channels with a Higgs boson decaying to a pair of photons are discussed:
2.1. Background estimation for searches with at least one h → γγ
Searches with a Higgs decaying to γγ have a common SM background estimation methodology. The non-SM Higgs background is evaluated by defining sidebands using the m γγ distribution. The sidebands are defined as lower (103 < m γγ < 118 GeV), Higgs-Tag (118 < m γγ < 133 GeV) and upper (133 < m γγ < 163GeV). The m γγ distributions in the lower and upper sidebands are fit to a power-law distribution, while the Higgs-Tag region is excluded from the fit. The power-law function is integrated/extrapolated to the Higgs-Tag region in order to normalize the continuum non-Higgs SM background. The expected contribution from the SM Higgs, is estimated from Monte Carlo (MC) simulation and added to the sideband-based continuum background estimate. The shape of the discriminating variable used by each channel (variable that maximizes the signal and background separation) is obtained by averaging the resulting distributions from events falling in the lower and the upper sidebands. The two shapes of the discriminating variable, from the lower and the upper sidebands, must be consistent with each other to be averaged.
h(→ γγ)h(→ bb)
In this channel, events with isolated muons or electrons are rejected. Exactly two jets, tagged as b-jets, with a p T ( j) > 30 GeV are required. The b-jets are selected using a combined secondary vertex (CSV) algorithm [7, 8] . Any jet and γ in the event must be well separated in the η − φ space of the detector by requiring a ∆R(γ, j) > 0.5, where ∆R is defined as ∆R = (∆η) 2 + (∆φ) 2 . Finally, the reconstructed mass of the two b-jets must lay in a mass window between 95 < m bb < 155 GeV.
The discriminating variable used by this channel is defined as the scalar sum of the transverse momentum of the two reconstructed Higgs bosons:
. The background is estimated using the method described in section 2.1. Figure 2 shows the m γγ distribution used for the background estimation and the S h T distribution. The observed number of events in data is consistent with the background prediction. 
h(→ γγ)W/Z(→ j j)
Similar to the previous section, events with isolated muons or electrons are not used in this channel. Additionally, events with two b-tagged jets with reconstructed mass laying between 95 < m bb < 155 GeV are rejected in order to remain orthogonal to the h(→ γγ)h(→ bb) signal region. The jets in the event must have a p T ( j) > 30 GeV and a ∆R(γ, j) > 0.5. Finally, the reconstructed mass of at least two jets in the event must be between 70 < m j j < 110 GeV. The missing energy in the transverse plane of the detector, E miss T , is used as the discriminating variable. Figure 3 shows the m γγ distribution used for the background estimation and the E miss T distribution in the signal region. The observed number of events in data is consistent with the background prediction. 
h(→ γγ)h/W/Z(→ leptons)
The hh channel includes decays to WW, ZZ and τ h τ h final states, where τ h represents the hadronic decay of a tau lepton. The event selection criteria for this channel requires ≤ 1 b-tagged jet to avoid overlaps with the h → bb search. The selected electrons or muons must be isolated and have a p T (e||µ) > 15 GeV. Leptons and photons must be separated by ∆R( e||µ , γ) > 0.3. To reduce the background in which an electron is misidentified as a photon, events are rejected if the reconstructed mass of the selected electron and one of the photon candidates from the h → γγ, falls near the reconstructed mass of the Z boson between 86 < m eγ < 96 GeV. The transverse mass (M T ) between the lepton with the highest transverse mo-mentum and the E miss
, is used as the discriminating variable. Figure 4 shows the M T distribution for the electron and muon channels. The excess observed in the electron channel, corresponds to a 2.1σ deviation, consistent with background fluctuations. 
Search in the
Events defining this search channel contain exactly two b-tagged jets with a reconstructed invariant mass laying between 100 < m bb < 150 GeV. Exactly one pair of muons or electrons with opposite electric charge is required. The reconstructed mass of the lepton pair must reside around the mass of the Z boson, between 81 < m + − < 101 GeV. Events with a third lepton, either a muon, electron or a tau, are rejected.
The background estimate for the dominant background, SM Z + jets, is performed using a sample of γ + jets events, obtained with similar event selection criteria to those used for the signal region. The resulting E miss T distribution, obtained from the γ+ jets sample, is normalized to unit area to define templates for events with two jets and three or more jets. The templates are used to estimate the Z + jets contribution. The contribution from tt, WW, τ h τ h and tW events, is estimated from a E miss T template, obtained from a sample of eµ events. Other background contributions are estimated using the prediction from MC simulations. Figure 5 shows the E miss T distributions in the enriched control samples obtained for the Z + jets and the tt background estimations.
Search in the h(→ bb)h(→ bb) channel
The h → bb decay mode has the largest branching fraction (∼ 56%). This channel makes us of events with four or five jets, with at least two b-jet candidates. No isolated muons or electrons with p T > 10 GeV are allowed. Events with τ h candidates with p T > 20 GeV are also rejected. This channel uses the E miss T significance [9] , S MET , as the discrimination variable. This variable represents a χ 2 difference between the observed result for the E miss T and the E miss T = 0 hypothesis. Events are required to have S MET > 30. Finally, the smallest difference in φ between the E miss T vector and any jet in the event, ∆φ min , is used to reduce the background. Events laying between 30 < S MET < 50 must satisfy ∆φ min > 0.5, and for S MET values above 50, a ∆φ min > 0.3 is required.
This channel estimates the main background, tt, with an ABCD approach. Four mutually exclusive samples are defined using different number of b-jets (2b, 3b and 4b jets) in an orthogonal sideband with respect to the signal region. Other non-tt background contributions are estimated using the prediction from MC simulations. The search defines two signal regions, one with exactly four b-jets and the other with three b-jets. The most sensitive region is the one with four b-jets. The three b-jet region is used to improve the signal efficiency. Figure 6 shows the S MET distribution for the 3b and 4b jets signal regions.
Search with three or more leptons or with a
Z Z → + − + 2 jets combination
As described in section 1, scenarios with three or more leptons or two leptons and two no-tagged b-jet Entries / 10 GeV candidates are included by reinterpreting the CMS results from Refs. [5, 6] . The multi-lepton analysis requires events with at least three charged lepton candidates, including one hadronic tau at most. selection criteria as the first channel, except the E miss T ranges between 50 < E miss T < 100 GeV. A 2.6σ excess is obtained when the two channels are combined. The excess is consistent with statistical fluctuations when all the channels in the analysis are taken into account, as discussed in [5] .
Interpretation of the results
As discussed in section 1, the results are presented for two different SUSY scenarios. For each scenario, 95% confidence level upper limits on the production cross sections of each model are set. The limits are set using a modified frequentist method, as described in Ref. [4] . For the GMSB higgsino NLSP model [10, 11] , the limits are presented as a function of the higgsino mass (χ 0 1 ). Figure 7 , shows the 95% confidence upper limits for the h(→ bb)h(→ bb), h(→ γγ)h(→ bb), h(→ γγ)+ leptons, and three-or-more-lepton channels. For this model the branching fraction ofχ 0 1 → hG is taken to be unity. The multi-lepton and γγ channels are the most sensitive at low higgsino mass. The h(→ bb)h(→ bb) channel is most sensitive above 175 GeV. The excess around 150 GeV, corresponds to the excess described in section 5. Figure 8 , shows the interpretation for different decay branching fractions for the hh (25%), hZ (50%) and ZZ (25%) topologies. In Figure 8 , the branching fraction for ZZ production is taken to be unity. In this scenario higgsino masses below 380 GeV are excluded. Figure 10 , shows the combination of the results for all channels in a two-dimensional plane of the higgsino branching fraction (χ 0 1 → hG) versus the higgsino mass. The disagreement between the observed and expected limits below the higgsino mass of 200 GeV is expected because of the excess in the observed data with respected to the background prediction described in section 5. , for the combination of the results presented in Ref. [6] with the results from the h → γγ channels described here. Figure 9 : 95% confidence upper limits on the cross section for higgsino pair production as a function of the higgsino mass, for the threeor-more-lepton and the Z(→ )Z(→ j j) channels. The branching fraction for ZZ production is taken to be unity.
Summary
In this letter, CMS searches are presented for EWK SUSY production ofχ 0 iχ ± 1 decaying to hh, hW and hZ states and the associated LSPs [4] . The searches were performed using 19.5 f b −1 of data from proton-proton collisions at the LHC, at a center of mass energy of 8 TeV, collected in 2012 by the CMS detector. SUSY sce- , for the combination of the results presented on Ref. [6] with the h → γγ channels. narios resulting in three or more leptons were considered by reinterpreting the results from previous EWK SUSY multi-lepton searches presented by CMS [5] . Scenarios with two leptons and two jets (not identified as b-jets) were also included by combining the results with the CMS search [6] . No sign of SUSY has been observed. Two excesses, consistent with statistical fluctuations, were observed in the h(→ γγ)h/W/Z(→ leptons) and channels with three or more leptons. Since no evidence of SUSY has been observed, 95% confidence level upper limits on the production cross section versus the higgsino mass, for differentχ 0 1 → hG branching fractions, have been set.
